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CUlUl'ldioll ill tIle very brief time of the test. In illY 

experiments our general procedure has been to heat the 
treating vessel until the desired pressure is indicated, 
when the heating is at once stopped, and the treating 
vessel cooled and emptied. We have found that when, 
instead of raising the pressure to the desired treating 
maximum, amI installtly cooling the vessel, we raise 
to a somewhat lower temperature, and maintain thi,.; 
temperature for five or ten minutes, we get practically 
an equivalent result. Where a catalyst is used, as de
scribed, it is possible to use a much lunge I' pressure, 
and still obtain a normal synthetic crude oil. 

These experiments which I have described have been 
wI lOlly of a laboratory nature, and much work remains 
to be dune in the application of the principles which 
have been discovered, to commercial work on a large 
scale.. While it may seem to many that the pressures 
and temperatures employed are so high as to preclude 
the possibilities of commercial work, yet I do not think 
this is the case. Processes have been developed abroad, 
during the past few years, in which ammonia is made 
synthetically by reactions requiring both higher pres
sures and higher temperatures than those which are 
made use of in my present work. As these ammonia 
researches have gone on, from their laboratory incep
tion to their commercial development upon a very ex
tensive and successful scale, I believe the present proc· 
ess will find similar development comparatively easy. 
C1'he conditions necessary for successful commercial 
work are already well known, and involve no engineer
ing features which American ingenuity cannot easily 
provide, and it is my hope that this process will be soon 
developed to the point where it will fulfill commercially 
the remarkable promise that it now seems to offer. 

Hydrogen and the Rare Gases* 
THE series of Friday evening discourses at the Royal 

Institution was once more opened this year, on January 
22nd, by Sir James Dewar, I< '.R.8., by a lecture on 
"Problems of Hydrogen and the Rare Gases." Last 
year Prof. Dewar, discoursing on "The Coming of Age 
of the Vacuum I<'lask," and on researches which the use 
of his vacuum vessels, of Charcoal, and other modern 
expedients had rendered possible, had dwelt on the dif
ficulties of separating and eliminating the rare gases 
and upon the apparent ubiquity of the lightest of all 
gases-hydrogen. In the lecture of January 22m} he 
gave a brief, essentially experimental, resume of fur
ther researches, by himself and others, in this field. At 
20 deg. Cent. absolute, he pointed out, nitrogen and 
oxygen were frozen hard, and their vapor tension was 
so low that they disappeared from the air, leaving only 
the uncondensable gases, representing about 1/50,000th 
of the volume of the air, corresponding to a barometric 
pressure of Y5 millimeter. When air was deprived of 
its oxygen by chemical means, and the remaining gases 
were condensed at 20 deg. Cent. absolute, there should 
be 29.7 parts per million of uncondensable rare gases 
left. But much larger amounts were often found; it 
depended upon the chemical used for absorbing the 
oxygen. Of these reagents sodium hypo sulphate an
swered best, as it gave 29.7 parts of residual gas. Cop
per also answered well, yellow and red phosphorous less 
well; in the latter case the gas, after the removal of 
the hydrogen in it, amounted to 26.7 parts. Chromous 
chloride was one of the most striking cases; from 68 to 
26,300 parts of gas were found in different experiments, 
and after removal of the hydrogen, 31 parts remained. 
The excess of gas was, as already indicated, hydrogen, 
which found its way into the apparatus with the 
reagents or by other means. 

In order to investigate these problems it was no good 
to start with large volumes of gases. Sir James exem
plified this by showing a skeleton cubic meter with a 
cubic centimeter inside. Special means had to be de
vised to experiment with small quantities at the time, 
to accumulate the effects. The gas absorption by cooled 
charcoal was very serviceable. Sir James showed, with 
the help of two barometriC tubes, how much more 
quickly the absorption proceeded when liquid hydrogen 
was used than when liquid air was used. Studying the 
air respired by eight different persons in this way, and 
working again at 20 deg. Cent. absolute, he found from 
23 to 52 parts per million of uncondensable gas in the 
respired air, of which sometimes only two parts, some
times more than 20 and 30 parts, were hydrogen; the 
amounts varied with the time of the day and other con
ditions. Animals also produced hydrogen in similar 
quantities, and ordinary air contained about 0.8 part of 
hydrogen per million. The identification of the gases 
w.as· effected by passing the electric discharge through 
them and studying the spectra. In a pretty, novel ex
periment Sir James passed the discharge through a 
tube containing a mixture of gases, first at too high a 
pressure to show a good glow; he then touched one por
tion of the tube with a sponge dipped in liquid hydro-
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gell. So much gai:l was coutlclH:ieU imdue at that i:illu1. 
that the diseharge strilB of the gases at once begun to 
appear in the other parts of the tube. 

I:nfortunately, Prof. Dewar proceeded, charcoal ab
sorbed even the rare gases to some degree, and it had 
it�: peculiarities. Two tubes were provi(led with char
cual hulh:;, and charged with air; the air in the one tube 
only had been dried by being passed through liquid air. 
When the bulbs were afterwards heated (by being 
dipped into warm water instead of liquid hydrogen), the 
liberated gas in the one case was essentially oxygen, and 
in the other essentially nitrogen, the gas extinguishing 
a burning taper in the latter case. Passing to the oc
currence of the rare gases in air, water, thermal 
springs, sea-water, etc., Sir James pointed to the reo 
i:iearclws of Moureu and Lepape, according to whom the 
ratios of krypton to argon, and of xenon to argon, were 
the same both in air and in the I<'rench thermal springs, 
sume of which are very rich in rare gases, while the 
ratio of helium to argon varied enormously; that might 
ba connected with a radioactive source of helium. As 
regards the proportions of these gases, city air con
tained 22.5 parts per million of helium and neon and 
2.6 of hydrogen, country air similarly 22.8 and 0.5 
parts respectively; the air liberated from charcoal at 
1:)3 deg. Cent. absolute contained 1.64 and 0.1 parts, and 
II ir from a steel bottle (likewise liberated from char
cual at 85 deg. Cent. absolute), 1.53 and 9.8 parts. 
Gautier had only found a trace of helium in sea-air. 

'1'he question arose in such determinations whether 
the frozen oxygen and nitrogen did not occlude any 
uther gases. Under ordinary conditions, Sir James 
stated, they did not, apparently; but when certain mix
tures of gases were tested, an occlusion seemed to occur. 
Thus, all the nitrogen condensed at 20 deg. Cent. abso
lute under high exhaust cpuld be regained at + 15 deg. 
Cent.; so could carbon dioxide; but in mixtures of 
nitrogen, or of carbon dioxide with much hydrogen 
(20: 80), there was some occlusion, though almost all 
the occluded gas was liberated again at + 15 deg. Cent. 
Hydrogen and carbon dioxide, therefore, became to
gEther volatile when they had formed a solid solution 
which was more volatile than carbon dioxide, but less 
volatile than hydrogen. The minimum gas pressure of 
chemical nitrogen seemed to be 0.33 . 10-4 millimeter 
(the usual unit of pressure in Sir James's experi
ments) ; but with the aid of the molecular air-pump [of 
Gaede] the pressure could be reduced to 0.07 . 10" mil
limeter. 

The next series of experiments of Prof. Dewar con
cerned the permeability of metals (hot or cold), like 
platinum, palladium iron, and also quartz, to gases. 
This permeability was a source of trouble. The experi
ments were so conducted that a tube of platinum, Co g., 
closed at one end, was evacuated and joined to a dis
charge tube, which would not allow the discharge to 
pass as long as the gas pressure was too low. An oil
pressure gage was joined to the apparatus and the time 
was measured, so that the rate of the rise of pressure 
could be watched. When the platinum was heated in a 
gas-burner, the discharge began to pass, because the hot 
platinum was permeable to the hydrogen in the gas
flame, so that hydrogen entered the platinum tube. 
When a quartz tube was pushed over the hot platinum 
tube, so as to form a jacket round it, the manometer 
went bacl" because the quartz was not permeable to 
hydrogen. This was still more striking when the quartz 
tube was drawn out so as to allow the introduction of 
different gases into the annular space. The experi
ments proved that platinum, heated by a Meker burner, 
was most permeable to some gas (chiefly hydrogen) 
when placed in the lower part of the flame, where 
hydrogen predominates; the curves obtained when the 
tube was in the middle or in the top portion of the flame 
indicated a smaller rise of pressure, and a less abrupt 
fall of pressure again when the flame was removed. An 
iron tube proved permeable to hydrogen, like platinum; 
ill a palladium tube the rise of pressure was, under the 
same conditions, much more rapid. When carbon mon
oxide (supplied strongly compressed) was burned in a 
Bunsen burner with a pale blue flame, no gas (neither 
the CO, nor the CO2 produced by the burning of the 
CO) penetrated through the hot palladium. Rxperi
ments were then made with helium; it was demon
strated that helium easily passed through hot quartz, 
while hydrogen would not diffuse through hot quartz, 
though it would readily pass through hot platinum. 

'1'he permeability of skins or films of rubber 0.01 mil
limeter in thiclmesR, stretched over a metalliC' frame, 
was also demonstrated, and some surprising l'('s1I1I1-1 
were shown. Oxygen passed more readily through a 
rubber skin than hydrogen and argon more readily than 
nitrogen, so that rubber would appear to be more per
meable to gases of high atomic weight than to gases of 
low atomic weight. The wet film was much less per
meable; and dry air (dried by being bubbled through 
liquid air) passed more quickly through the dry film 
than humid air (from the lecture-room), Dipping the 
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liIlll H::;elf into liquid air would make it impermeable; 
the "arne impermeability resulted when the rubber was 
dipped into gylcerin, which could only be done properly 
with a dry film. 'Vater vapor found its way also 
through hot palladium and platinum These various 
features, the occlusion of gases, the ubiquity of hydro
gen, the permeability of metals and rubber, etc., render 
the iuvestigation of the rare gases still more difficult 
tlwn it is otherwise. In his researches on respired air 
Sir James makes his apparatus entirely of glass ane! 
metal; rubber connections and greased stop-cocks, which 
might give off gas, have to be avoided. 

Electrical Conductivity Imparted to Liquid Air 
by Alpha Rays 

IN a paper read before the Royal Society of OllHrtHl1't 
lill intere»ting series of experiments cOlHlucted hy Prof. 
J. C. :lIcLellan and Mr. David A. Keys is described. A 
brief summary of the results is given herewith. 

In the published account of their experiments on the 
measurement of the dielectric constants of different 
liquefied gases, a number of investigators, including 
Linde,' Dewar and Fleming,' and Hasenohrl,3 have 
drawn attention to the high insulating qualities pos
sessed by such liquids. In particular I<'leining and' 
Dewar have shown that a small condenser when im
mersed in liquid air and charged with a Wimshurst. 
electrical machine held its charge perfectly for a periodi 
of somE' minutes. QUite recently, too, Zeeman' in study
ing the Kerr phenomenon in liquid air found when the 
13 tter was freed from small ice and carbonic dioxide 
crystals by filtration, and when precautions were taken 
to prevent the generation of gas bubbles between the 
electrodes, electric fields as high as 90,000 volts per 
centimeter, and even higher ones could be maintained 
quite readily in the liquid. 

I<'leming and Dewar in the course of their experi
ments made a determination of the dielectric constant 
of liquefied air and also of that of liquid oxygen. The 
latter they found to be 1.495. If we assume the den
sity of gaseous oxygen at 15 deg. Cent. and 760 milli
meters pressure to be 0.00134 (and its density at -182 
d ego Cent., consequently to be 0.00424) and its dielectric 
constant at 0 deg. Cent. and 760 millimeters pressure 
to be 1.00059, it follows by applying the Clausius Mo
sotti relation-that K-l is proportional to the density 
of the gas-that the dielectric constant of gaseous 
oxygen at -182 deg. Cent. and 760 millimeters pressure 
should be approximately 1.0018. 

Moreover, as the density of liquid oxygen is about 
1.1375, it follows, if we assume the Clausius Mosotti's 
Law to hold continuously in passing from the gaseous 
to the liquid phase, that the dielectriC constant of liquid 
oxygen should be approximately 1.4824. This, it will 
be seen, is very close to the value found by Dewar and 
Fleming in their experiments. 

In view of this continuity in the dielectric property 
of oxygen in passing through the stage of liquefaction, 
it was thought to be of interest by the writers to see if 
any indication of a similar continuity could be obtained 
in the ionization of air by alpha rays when passing 
from the gaseous to the liquid state. 

The results so far reached may be summed up as 
follows: 

(1) In a number of experiments it has been shown 
in agreement with a number of other experimenters 
that liquid ail' when freshly filtered is an extremely 
good insulator, and that its conductivity in the absence 
of any ionizing radiation other than that from the earth 
is much the same as that of ordinary clean air at 
atmospheric pressure. 

(2) The dielectric constant of liquid air was found to 
be 1.43. 

(3) The saturation current obtained in air at ordi
nary pressure by the comvlete absorption of the alpha 
radiation emitted by a plate coated with polonium was 
found to be about 16 times the maximum current ob-. 
tHilwd with the highest fields used when the radiation� 
,vas absorbed in air at 101 atmospheres and about mu; 
times the maximum current obtained in liquid air when! 
the ionization was produced by the same radiation .. 

(4) The mobility of the positive ion produced :In ail.' 
at] 16 atmospheres by alpha rays was found to be 

0.0005294 centimeter second per volt per centimeter, and 
that the negative 0.1)006217 centimeter second per volt 
per centimeter, the latter being about 1.18 times the 
former. 

(5) Rvidence hail been found in the course of ihl' 
invPi'ti;mtioll of the existpllce of a penetrating radiution 
emitted by the lay�� of polonium which furnished tll�, 
alpha rays. 

1 Linde, Wied . .-i"fhl. !";G, p. 546. 1 RfH). 

2 Dewar and Fleming, PTOC. Roy. Fioc., London. p. 3i'i.�. vol. 
60, 1896. 

3 Hasenohrl, Leiden. Comm. No. 52, Prov. Ams. A kad., 11, 
p. 211. 

• Zeeman, Proo, A mat. Akaci, oJ flc., January 24th, 19H. p., 
61i0. 
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